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INTRODUCTION. 
It has been generally maintained  that  calcium is present in blood 
serum  in  two  forms one  of  which  is  diffusible  and  the  other  of 
which  is  non-diffusible  and  is  bound  to  the  proteins  of  the  serum. 
This idea was first expressed by Pribram I in  1871.  Later Rona and 
Takahashi 2 found with the  method  of  "compensatory  diaIysis" that 
the serum Ca content was greater than  that  of the dialysate.  Their 
findings  were  confirmed  by  yon Meysenbug, Pappenheimer, Zucker, 
and  Murray,  3  Cushny,  4 and  Neuhausen  and  Pincus  s  found  in  ex- 
periments on pressure dialysis of serum that the Ca concentration  of 
the dialysate was lower than  that of the serum remaining within  the 
membrane.  Salvesen and Linder  e have recently concluded from  de- 
terminations made on blood sera and edema fluids that the differences 
in  Ca  content  represent  the  non-diffusible  calcium  of  the  blood. 
About 25  to  50 per  cent of the blood calcium has  been thought  by 
various investigators to be non-diffusible. 
1 Pribram, R., Ber. k6ngl. Sachs. Ges. Wissensck.,  1871, x~d~ 279. 
9. Rona,  P.,  and Tak,hashi,  D., Biochem. Z., 1911,  x~x4, 336. 
yon Meysenbug, L., Pappenheimer, A. M., Zucker, T. F., and Murray, M. F., 
d. Biol. Chem., xlvii,  1921,  529. 
4 Cushny, A. R., J. Physiol.,  1919-20, liii,  391. 
5 Neuhausen, B. S., and Pincus, J. B., J. Biol. Chem., 1923, lvii, 99. 
6 Salvesen, H. A., and Linder, G. C., ]. Biol. Chem., 1923-24, lviii, 617. 
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It is the purpose of this paper to describe the effect of varying NaC1 
concentrations  and  pH  on  the  diffusibility of  serum  calcium.  In 
our experiments the amount of fluid used in dialysis was large enough 
to obviate any possible Ca membrane equilibrium condition between 
serum and fluid whereas in previous  experiments,  free diffusion has 
been impossible as a result of the methods used. 
EXPERIMENTAL. 
Blood was  obtained  from patients  suffering from  cardiac  insuffi- 
ciency, emphysema, or acute nephritis.  The blood was permitted to 
clot  and  the  serum  was  later  separated  by  centrifugalization.  In 
each series of experiments the same lot of serum was used through- 
TABLE  I. 
Influence  of NaCI on the Diffusibility of the Ca in Blood Serum through Collodion 
Membranes at pI1 7.4.  (Ca Calculated in Mg. Per 100 Cc. of Serum.) 














Ca of serum after dialysis  against varying 
concentration  of NaCI. 




















out.  For dialysis, serum was placed in stoppered collodion sacs (made 
with Merck's tr.s.P, non-flexible collodion, concentrated about 30 per 
cent) molded in test-tubes  of about 20  cc.  capacity.  The sacs con- 
taining serum were floated in 2 liters of the fluid to be used for dialysis 
and when the experiment continued for more than a day, the dialysate 
was renewed at the end of 24 hours.  Dialysis was carried on at about 
10°C.  to inhibit bacterial growth.  The pH measurements were made 
by means of the colorimetric method and were only made on the dialy- 
sates.  Sodium bicarbonate and HCI were used to control the hydro- 
gen ion concentration.  Calcium determinations  were  made  by  the 
method of Kramer and Tisdall.7  Protein concentration was controlled 
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in  all  experiments but  the  results  are  not  presented  as  the  slight 
changes observed were  not  significant.  The  results  of  dialysis  of 
serum against varying concentrations of NaCI at pH 7.4 are presented 
in Table  I.  Table  II  shows the influence of pH variation on the 
diffusibility of Ca when serum is dialyzed against distilled water. 
TABLE  II. 
Influence of pH on the Diffusibility  of Blood Serum  Calcium. 
Mg. Per 100 Cc. of Serum.) 
(Ca Calculated in 





Ca of serum after dialysis  against 
distilled  water. 
pit 7.4  pit 2.5 
2.2  0.0 
2.2  0.1 
4.7  0.0 






It may be seen from Table I  that at the pH of the blood all of the 
serum Ca is diffusible through a collodion membrane when the dialysis 
takes place in the presence of a large volume of 0.8 per cent NaC1.  It 
may furthermore be noted that in the absence of NaC1, about 25  to 
45 per cent of  the Ca is non-diffusible.  In  other words, NaCl seems 
essential for the complete diffusibility of serum Ca at  a  pH of 7.4. 
Associated with the  decreasing concentrations of  NaC1  and increas- 
ing retention of Ca within the collodion membranes, increasing pre- 
cipitation  of globulin  was  quite  naturally observed.  An  analogous 
observation  was made by J.  Loeb  s  on  the  diffusion  of  potassium 
through the membrane of the egg of Fundulus.  J. Loeb suggested that 
the diffusibility of potassium might in some way be related to the solu- 
bility of globulin in  NaC1 solutions.  This suggested the  possibility 
that  on  the  acid side of the isoelectric point of the serum proteins, 
the Ca of serum should be completely diffusible even in the absence of 
NaC1.  Table II shows this to be the case at a pH of 2.5. 
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The diffusibility of part of the Ca against distilled water at pH 7.4 
may only be apparent and may result from the fact that the initial 
NaC1 concentration of  the serum is great enough to  allow some cal- 
cium  diffusion.  This  can  only be  definitely proven  by  using pure 
protein solutions. 
CONCLUSIONS. 
1.  Serum calcium is completely diffusible through  collodion mem- 
branes in 0.8 per cent NaC1 at a pH of 7.4. 
2.  About 55 to 75 per cent of serum Ca is  diffusible through collo- 
dion membranes in distilled water at a pH of 7.4. 
3.  Serum  Ca  is  completely diffusible when  dialyzed  against HC1 
at a pH of 2.5. 